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ELECTRON IMPACT COHERENCE PARAMETERS
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●Jet Propulsion Laboratory, California Institute of Technology, Pnsad(’na, (’allf(~rnla, 1’s 4

t Los Alamos National Laboratory, Los Alamos, Ncw Nqcxico, 1S.4

1. Introduction

In electron-atom beam-beam scattering experi-

~~ients, the interaction region de fir:ed by the interject-

ing beams and the viewcone of the detect~r should

be small in comparison with other characteristic di-

mensions of the scattering geometry and the energy

and angulnr resolution of the apparatus should be nar-
row with respect to thr ranges o~er which quantities

of interest undergo significant changes in this idehl
case, the scattering sigrlal can be assumed to origi-

nate from a point-like nourcc and the data ol)tai,~ed

from the me?surem~nts can be assign~d to well-d efinrd
●lectron impact energy (EO) and scattering an%lc (0, )

In prart]cc, the dlmrnsinns of thr nca[terlllg v(~lur]lr
al]d the energy and angular rewlut.lon of :!IP a~Jpara-

tun are a]w’ays fir,lt~ and a rigorous Lrratrnen( of .Ilr
scattering data should takr this ln~u MCOUII1 111 ro,l -

vcntiona] ●]cctrcn scattering measurcn~nnts of tile dIf

ferenLial scatt~rlng crms wction (f)(’S) these colIsI<l-

●ratio.ls, In gener~l, causr no wrioun prol)l~, fnrr Ttlr

DCS can then bc aasnciat~d with nom~n~l scattrr; l~g
●ngl~n and Impmrt cnerg]m and r-prerwntm a nurr) ovrr

final and averag~ ovrr ~rlitlal cx})rrlrllrntml]y IIId ISIIII -

guiohable proces~eo. A d]ecuus]~ln of thr~~ rr]nt(ers Irl

elwtron ruattcrlng II(:S nwmllrrrrlrllts hn,AI)rrll gIvr Il,

for ●xmiple, b, 13rlnkrllal~n an{! ‘1’r~jrrl~~r’

Irl r~ccll~ yc~r~, a ]RrKf h!)(i~ Of dh~~ hiL+ R’ CUIIII1

Iatcd m th~ !icld ofelertr(}n ltllj}ar~ IIIIIIICCII{Irlentntlf,ll

and a]ignrm!nt of atomlr va]cnce St) F]]h7 (Tf)tlrrrll(e

8nd correlation exp@rlmrnls unrd to •xari~llie (])cnr an

pert- O( th~ colli@ion pr,,r~sm r~pre~rn[ a c,,r)nld~ral,lv

r? firwmcnt over ronventl(]nal I)(’S n]r~urrmen[m Ill
prlnclple, or)ly ~h~ 8cntL*rlng slp,r)d f)rlglr)nllli~ fr(]rl) RII

en~~lllbh of ?xritcd ●lf)li;s prcl)nrr[j III a wrlldrfill~(]

quantum rti~c}lanlral atatr In l~lr~llrrtl Ttle nrlr~-ll[)fl

of thm cnrmlnl)!em rarrlr~i [IIIt ?Ithel 1)~ ro!lIf Itlrllt f-

d~tm~un of Lhr irlwlanllc ally B( @tL~rr[! rl~rtr[)ll arIIl

●mitled phol(ln, or by lkwr prr~)aratlor) of ltIr fxc Ib[!

,Lk, l Ill!
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centers is taken according to:

where IZ is the average superelastic or coincidence int-

ensity and a ,J r.re weighting factors discussed below.
The signal intensity arising from a particular collision

frame i. denoted lj(k}) since (for an ~sumed paral-

IcI incid,nt electron besun) this frame is completely

specified by the displacement vector FJ, the nominal

scattering angle, (?: and the momentum vector, $, of
an ●lectron scattered into the detector viewcone. The

summation over index i in Eq. 2 represents an approx-

imation to the effect of finite angular resolution in the

electron detector. The contribution from all discrete

6caLtcring points chosen to represent the extended vol-

ume is calculated in the summation over index j, The
weighting factors, a

IJ , rcPresent the e~ect of the spatla]
intcnsl[y distribution of the incident electron beam,
the spatial response of the electron detector ~d the

behavior of the DCS over the range of scattering angles
defined by tile exten~’ed battering volume

The sophistication of the model can be greatly in-
crca..cd to Include, for example, the finite acceptance

aIiglc of t)lr photon detector (or the divergence of the

)r)cldcnt laser beam In the upere!asLic scattering case),

Lhr dcnslt} dls[ribution in the target gas beam and so
On M’o have found, however, that a relatively elude

d~srr~[)tlon of Ltir scatt.cring geometry can provide the

csscntlal CMIJrCtS of the finite vo]umc effect. In the re-

SUILS presclltcd here, an array of 5 points, ●quidistantly

Sl)ared along a segment of ttle jia~ axis, WM used to

rr}]r~scnt the ●xtended scattering volume. The ●ffect

uf the dctcrt,or vmwcorle was almulated hy associating
5 m-citterirlg dlrectlr>lls wiLll ●ach of the 5 scattering

~~[)]nls III t)lc ]Illear ●rray The wc, ghting factors, G),

rrffP~L DIIly t}ic mpatlal intennlty distribution (Gaua-

UIarI) of IIIP Inc I(jr IJ[ clrctron brain

3, Rwllllt’1

ister et d. discovered that this modulation, I,(@W),
was, unexpectedly, Mymmet.ric with respect to +V =

C)where +. = O is defined to be the angle at which the

Imer bea,m polarization vector lies within the scatter-
ing plane. Furthermore, this asymmetry was scatter-

ing angle dependent in a regulau way and wrM found to
be reproducible despite major variations in experimen-

tal conditions. The origin of this asymmetry remained

unexplained aud EICP could not be extracted, with

confidence, from these me~urements. This led us to

reinvestigate the cause of the asymmetry in more de

tail, both experimentally and theoretically, with spe-

cial elnphasis on the effects of a scattering volume of

finite extent.

Supereluqtic scattering data can be straightfor-
wardly analyzed by fitting Eq. 1 to the observed I,(@V)

modulation curves. For this purpcae, Eq, 1 is written

in the equivalent form:

I,(L) -1 + q COS(2+” + 2a) (2)

where q ia the modulation depth and o is the modu-

lation phase shift.

For a l=er beam lying in the scattering plane,
theory4’6 predicts that a = O. However, the aqym-

metry observed by Register et al. and by us, in a

more recent oerieo of experiments, can be represented

by t modulation phaae shift which is non-zero. Fig. 2

chows the values of q and Q ●xtracted from our recent

superelastic scattering m~asurements and the results

of the corresponding model calculations for incident
alectrona cIt’30e V impact energy, These model calcu-

lations employed the theoretical E]CP of Clark et 01.7

which indicate that the l“Ba~, . .606p lP) state is ●l-

most purely LS coupled, It is impcrtmt to note that,
for a purely LS coupled state, an ideal ninglc atom col-
lision occurrin R aL the origin of the laboratory framr

(for laser incidence angle #w = O) would give q = 1 and

a = O at all scattering angles, Fig. 2 illustrat,ua that
ecrioum devintiona from these predict-d valuen occur

In an ●tual experiment and that these deviations ● rc

●x]}lained by the ●xtended scattering voiumr model.

The rnodc] calculation indicat~ that, for s Iucr
l)?arl~ incidrncr vector lying in thr nominal ocatt@r-

ing plane, tll~ phmc s}liit dlffrrn fronl zero w}IPn
Lht’ ●xtrndrd scnttrring volunlr in mynlnlrtrirally din-

Lrlt)ul?d in L}ir nt)rrrla] directjon to tllr norllllla] scat.

trrlng planr W’@llav~ also vrrjficd •x~~rrlltlrlltally that

t]~~ drvlation of m fro[ll zer[j in tied dlrrrtly to Myrll-
S,@Ill? try Ill t]lr dlnlrit]uti[)n of @xrit.rrj-#Lat@ Rcntt?rcrn



Tbe distortion in the modulation depth, however, per-
tiata regardleea of how the scattering volume ia dis-
tributed. Theee results imply that the phaae shift

problem could conceivably be eliminated by ●nsuring a
symmetrically distributed scattering source, However,

EICP are extracted from the modulation depth q,
which suffers significant distortion whenever the s~at-

tering volume is finite in extent.
1
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Fig. 2 Model calcul-tionn ●nd experimental datss for
superelmtic scattering from latBa(. . -p ‘P) ●t

SO eV, Lwr beun incidence angle- are 4. = 90”;

#. = ~. (~) Modulation depth VC. nominal ecst-
tering angle; (b) ?hme shift vs. nominal acttter-
ing angle,

Fig. 2 deo revaa.h thmt the distortion in modu-
lation depth produwe relatively well-defined fasturen
which ●ppear at mpeclfic acatterbg angles, For the

mperel~tic scattering proceaa under diacuaaion, the

scattering angle location of these features is cloeely tied
to the behavior of the alignment angle, ~, of the excited
state charge cloud produced by the time-inverse inelas-
tic scattering process. When this alignment angle is

ouch that the laaer photon incidence vector lieB along
tbe major axis of the charge cloud (resuming a colli-

sionally excited “p” type orbital) then the meuwre-

ment becomes extremely sensitive to extended volume
effectss. Although it k not apparent from the figure,
we have also found that the eeverity of the geometry-

induced distortion iz related directly to the shape of
the charge cloud produced by the time-inverse inelas-
tic proceaa. In particular, when the ratio of length

to width of this charge cloud io large at the “critical”
alignment angle described above, then the distortion
in q becomes nevere, The wm~ler this ratio, the leas
sensitive the me~urement becomen ta extended vol-
ume effecti. Of course, this ratio is given by the P:
coherence parameter and we clnim that, when P: in
close to unity at the critical alignment angle, one can
expect a otrong influence of geometry on the meu. re-
ment of q.

3.2 Measuremerite of the P4 Coherence Param-
eter h the Rare Gases

Conclusions ●bout the influence of an ●xtended
scattering geometry on “ker-in-plane” superelaatic
scatwring experiments are directly transferable to
studies concerning the P4 Stokes parameter in rare gu
J = 0 to J = 1 excitations. We, therefort, ●xtended

our modelling effort to the rare g-n and, in Figs,
3 through 5, the results ue compared with the only

P4 memurernenti so fu ●vailable in the literature*.
The same crude model ww employed M in the c.we
of cuperelwtic scattering from l~eBa(. . .6a6p ‘P). Tbe
photon detwtor weJ placed in the notinal scattirkg

plane at IX)” relstive to the incident electron beam and
was assumed to hnve kfinih ●ngular resolution. The

EICP of Bartschat and Madison’” were uned.

Fig, 3 chows the P4 VC. scattering ●ngle behavior
for the 1P state excitation in No. DotA (croesea) rep

r-ent moaellin~ calculations curied out with ● finite
scattering volume of lmm (2m.m) ●xtent. The ‘P state

is described by pure LS coupling m that P4 is expected
to be unity over all mattering anglee Near sero de-
greee Mattering ●ngle, the influence of a finite scatter-

ing volume reducee the P4 polarization to s minimum
of about 0.8.

For the h~avier rme gains, Kr and XP, we found
that, as diccuaaed ●bove, the ohape of the modelled P4



w. mcmtering angle curve waa quite eensitive to the

behmkr of the theoretical PI neu the “critical” ml.ign-
ment angle. The model calculation- plotted in Figs. 4
-d 6 result from nlightly modifying the PI behwior
predicted by Bartschat and Madison. The calculated
behavior of the alignment angle wea left unmodified,
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Fig. 3 Model cdcuhtione and experimental dats” for
Qxcitdion of Ne 3s’[1/2]~ lP1 ●t 80 ●V impact

ener~.

We performed thie ●xorciee in order to check
whether the ●xperimental P4 data, whoee devistioa

from unity ie ~ribd to epin-orbit couplins ●ffects”,
=uld k flt by djusting only the theoretically pre-
dictd ~hsvior of P~ which k not ~isted with
epin-orbit cuupling. T%* fit of th. modol raul~ to the
●xpdmentsl datm in Fige. 4 and 6 & IWWMW, ●ug-
gating that, under conditiom whore spin-orbit cou-
pling ekte ue negligible (i.e. m c = 1 or pm = O),
axtrane dietorti~ in the P4 mewurumont cm occur
for ● pticular behavior of the cohorence puametim
P/ and y (or, equivalently, A snd X) and ● wstkming
volume of finite ●xtint. Ths ●xietam of an ●xtmded
mxtting geometry ie ● neamary condition for thie
extreme behavior in P4 to mmnifat iteelf. Thin b il-
Iuetmtad by th. fact that, fbr m idml, singl+point

o~

SCATTERING ANGLE (ckg)

Fig. 4 Model calcula&ions and exparimeatml datae for
axci?.ation of Kr 50’ [1/2]~ lP1 ●t 60 eV.
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.
scattering ●t the laboratory frame origin, P4, in the 8.
case of Kr, ie expected to be unity over the range of
scattering angles stndied, while, in the cue of Xe, the
dottid line in Fig. 6 showe the predicted behwior of 9.

P4.

These ramdto will be discuaued in more detail in a
forthcoming publication~l. 10.

Concluslozla
11.

Results of our model!ing effort imply that mea-
surement of EICP uEing experimental geomctriea in
which the photon incidence vector (either laaer photon

in the superelastic scattering experiment or detectad
photon in the polarization correlation ●xperiment) be

in the nominal scattering plane can be A ject to large
urmwtintiem. The influence of am extendrd scattering
volume can produce eevere distortion in the meaaured

modulation depth, q, or Stokee parwneter, P4, which
can be misinterpreted u ariaing from spin- orbit cou-
pling eHecta. The severity and loc~tion (in scattering
angle) of this distortion u intimately tied to the be-
havior of the Pi ud y parameter (or, equivalently,
the A and x parmmetaa).
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